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Recently, we have investigated the conformation of Mitochondrial Heat Shock
Protein 70 (mtHsp70), a protein involved in the import of proteins into mito-
chondria and in protein folding in the mitochondrial matrix. To investigate
the distribution of conformations in mtHsp70 molecules under different condi-
tions, we performed single-pair Fo¨rster resonance energy transfer (spFRET)
experiments using burst analysis and pulsed interleaved excitation (PIE). The
FRET efficiency is a very sensitive measure for the distance between donor
and acceptor on the scale of 2-10 nm and thus provides information over the
conformation of mtHsp70 during its conformational cycle. To extract quantita-
tive information about the homogeneity of the observed states, we used prob-
ability distribution analysis on the burst analysis data.
MtHsp70 consists of two functional domains: the N-terminal nucleotide bind-
ing domain and the C-terminal substrate binding domain with a lid to hold the
substrate peptide. Experiments were performed using FRET sensors for the in-
terdomain distance and for the lid conformation with different nucleotides as
well as in the absence or presence of peptide substrates and cochaperons.
Our results show a surprisingly heterogenous conformational distribution for
ADP bound mtHsp70, opposed by a more homogenous state with an open lid
and close domain in the ATP bound state. Substrate binding in the presence
of the cochaperone Mdj1 results in the undocking of the domains and closure
of the lid holding the peptide. To investigate the conformational dynamics
on a longer timescale (10 ms to 10 s) , we have performed spFRET TIRF ex-
periments on immobilized molecules. We utilized two techniques to avoid
immobilization artifacts. Either the protein was encapsulated in lipid vesicles
or the substrate peptide was immobilized. The dynamics for the two sensors
in the different states were compared.
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Fluorescent proteins (FPs) have revolutionized cellular imaging, however, they
have a tendency to convert to non-radiative dark states and to undergo rapid,
irreversible photobleaching. These effects limit their use in imaging applica-
tions involving low concentrations or long observation times. We demonstrate
an innovative microfluidic cytometer for high-throughput sorting of FP-ex-
pressing mammalian cells based on the selective measurement of photostabil-
ity, magnitude of dark-state conversion, or the combined effects of both. In the
cytometer (shown schematically), eight elliptically shaped laser beams inter-
secting a hydrofocused stream in a microfluidic channel stroboscopically inter-
rogate each cell. Subsequently, a piezo-steered infrared trapping beam deflects
cells for sorting. The multi-beam sequence provides millisecond timescales of
excitation and dark intervals to separate the effects of dark-state conversion and
irreversible photobleaching. This technology is uniquely capable of sorting ge-
netic libraries of cell-based FPs on the basis of photokinetics, independent of
FP expression level. Furthermore, its ability to investigate two processes that
limit total photon output of
FPsmake this deviceaversa-
tile and powerful tool for
characterizing FP photophy-
sics and engineering a new
generation of either brighter,
more photostable FPs, or
photoswitchable FPs.965-Plat
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Fluctuations in fluorescence intensity provide quantitative insight into a range
of molecular processes including diffusion, active transport, and binding kinet-
ics in living cells and tissues. Classical fluorescence correlation spectroscopy
(FCS) measures fluctuations in fluorescence intensity in a small detection vol-
ume to infer molecular transport properties from governing continuum diffu-sion-convection equations. Essential to the interpretation of FCS data is the
use of an underlying mathematical model that governs the molecular process
under study. Autocorrelations in fluctuations in fluorescence intensity may
then be fit to the analytical solution of the model, and corresponding molecular
properties may be inferred. While the choice of physical process may be unam-
biguous for special cases of free molecular diffusion or convective transport in
solution, the correct choice of model becomes considerably less unambiguous
in the application of FCS to complex biological processes in living cells or ex-
tracellular matrices. For this reason, an objective and unbiased approach to
model selection and parameter estimation is of interest. The method of Bayes-
ian inference provides such a framework. At the level of parameter estimation,
Bayesian inference is similar to Maximum Likelihood Estimation when flat
priors are chosen for initial parameter estimates. At the level of model selec-
tion, however, Bayesian inference assigns explicit model probabilities that
are proportional to their marginal likelihoods by considering the full range of
parameter values and their posterior probability distributions rather than only
using point-wise, Maximum Likelihood estimates, thereby appropriately penal-
izing model complexity and preventing over-fitting of experimental data. Here
we illustrate application of Bayesian inference to the problem of model selec-
tion and parameter estimation of molecular transport properties from FCS data,
comparing it to traditional model selection approaches.
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Donor lifetime modification by Fo¨rster Resonance Energy Transfer (FRET) is
widely used to detect protein-protein interactions and protein conformation
change. Such measurements can be compromised by the presence of a signifi-
cant non-interacting fraction of molecules. We have recently shown that FRET
arising from homodimerisation in 3-phosphoinositide dependent protein kinase
1 (PDK1) can be measured for a small fraction of the total protein population
from the rise-time in sensitized acceptor emission [1]. We present single and
two-photon lifetime and anisotropy measurements of homodimerisation in
EGFP and mCherry labelled PDK1 constructs. A computational model was em-
ployed to determine the limits and relative probabilities of the FRET orienta-
tion parameter using intrinsic donor and acceptor anisotropy decays together
with that of sensitized acceptor emission. A consideration of the physically al-
lowable minimum separation of the donor and acceptor fluorescent proteins al-
lows physically unrealistic values of the orientation parameter to be removed.
This was seen to lead to a reduction in the uncertainty of the mean donor-ac-
ceptor distance. Combined wavelength-resolved lifetime and anisotropy mea-
surements show promise as a valuable tool for obtaining accurate angular
and distance information from FRET in samples containing a small proportion
of interacting molecules.
[1] Masters, T. J., V. Calleja, D. A. Armoogum, R. J. Marsh, C. J. Applebee, M.
Laguerre, A. J. Bain and B. Larijani, 2010. ‘‘In vivo regulation of 3-phosphoi-
nositide dependent protein kinase 1 (PDK1) activity by homodimerisation’’.
Science Signalling (in press).
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Number and brightness analysis (N&B) is a useful technique for characterizing
the concentration and molecular brightness of fluorescent molecules in vivo.
Herewe investigate stochas-
tic gene expression in
Catabolite Repression in
Bacillus subtilis. In particu-
lar the transcriptional activ-
ity of promoters implicated
in the switch between gly-
colysis and gluconeogenesis
was investigated. Promoter
activity was measured using
green fluorescent protein
(GFP) promoter fusions.
